"But what has really been learned by functional imaging?" Whispered quips such as this were often overheard in past years at neuroscience meetings amid rows of colorful posters. Spatial maps of brain activity were initially met with skepticism by electrophysiologists who, while perhaps ready to concede defeat in the aesthetics of data presentation, claimed to prefer their more serious science. Yet in the past years, functional magnetic resonance imaging (fMRI) has moved forward at an enviable pace, and many of the initial skeptics are now themselves ensnared in its details.
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As in many fields of science, descriptions of the brain arise from, and are ultimately shaped by, contemporary technology. In visual neurophysiology, the predominance of single unit recordings during the last decades has provided concepts such as feature selectivity and receptive field structure, which now serve as the building blocks for theories of how we see. These concepts are, nonetheless, strongly linked to a particular experimental paradigm, and may therefore be limited in their capacity to support a general theory of visual processing. This issue becomes apparent when trying to understand fMRI data using conceptual frameworks originally derived from single unit recordings. In fMRI, voxels are the fundamental spatial unit of measurement. Unlike single neurons, a voxel is a volumetric entity that does not map directly onto any particular functional quantity. Instead, each contains thousands to millions of neurons, whose collective activity is usually measured indirectly through its impact on the vasculature. But along with these potentially undesirable aspects of fMRI is the great advantage of being able to monitor many thousands of voxels at once, throughout the entire brain.
But how is it possible to keep track of thousands of simultaneously measured signals? From the start of functional imaging, the answer has been to create activity maps. In these maps, each voxel is typically analyzed independently from the fact that it is not defined by modes of ossification, but by the embryonic cell populations that form the attachment points. A conclusion that can therefore be drawn is that the endochondral scapular spine of mammals is the ghost of the cleithrum [5] .
The discovery of the important contribution of the neural crest to the structures of the neck and shoulder has also allowed an explanation the aetilogy of some poorly understood human syndromes [5] . These include Klippel-Feil disease, Sprengel's deformity, cleidocranial dysplasia, Arnold-Chiari I/II malformation and 'cri-du-chat' syndrome, all of which present dysmorphologies of the neural crest derived structures of the neck and shoulder and swallowing problems. It can now thus be appreciated that these syndromes are united by a common cellular aetiology.
This elegant new study [5] obviously raises questions as to how the neural crest contribution to the neck is organised. It is currently unclear from which axial level of the developing neural tubes these neural crest cells arise. The regulatory elements used in this study will result in most neural crest cells being labelled. The path of migration of these neural crest to the region of the developing pectoral girdle is also unclear. These are interesting issues the investigation of which should shed further light on the mechanisms that act to order the connectivity of attachment of the neck muscles. It is probable, based on a previous study in chick [6] , that these cells will arise from caudal hindbrain, migrate out between the otic vesicle and the anterior somite and then track posteriorly along the base of the somites. It would, however, given the power of the single cell fate mapping that can be achieved using transgenic mice and the advantages of mouse genetics, be of great worth if regulatory elements could be identified which would allow the mapping of crest cells specifically from the caudal hindbrain. others, with its activation level reflecting how closely it follows a prescribed or "expected" function based on the stimulus presentation [ (Figure 1) . Thus, according to the interpretation of the authors, information in the population of voxels was able to unveil the tuning properties of the underlying neurons -seeing the trees for the forest, in a sense.
But perhaps the most spectacular results emerging from this approach so far relate not to the registration of sensory patterns, but rather to the "reading" of internal perceptual and attentional states. Haynes and Rees [4] , for example, found that by applying this multivariate technique during an unstable visual percept, the time course of subjective fluctuations could be reliably decoded. Using binocular rivalry, a well-studied paradigm in which the presentation of two conflicting stimuli shown to opposite eyes gives rise to alternation in their perceptual dominance, they were able to continuously track which of the stimuli was perceived as the dominance slowly changed back and forth over periods lasting several seconds (Figure 2) . In this case, the decoding exploited the small color and ocularity biases present in each of many individual voxels.
Kamitani and Tong [5] were similarly able to monitor another subjective quantity-visual attention. In their study, the act of simply concentrating on one or the other of two overlapping oriented patterns was sufficient to sway the multivoxel signal in the direction of the attended orientation. These results, while consistent with previous fMRI studies-but in some ways discrepant with neurophysiology studies; for reviews see [ In this cartoon, the voxel with the asterisk depicts the only voxel that, alone, possesses significant orientation selectivity when standard, univariate analysis is applied. However, many other voxels have small and "insignificant" biases. Yet, the new studies find that when these small biases are jointly considered using multivariate methods, the experimenter can accurately and reliably determine which stimulus was presented on each trial. voxels should show small orientation biases based on the functional architecture of V1 (see [15] Figure 2 . As an ambiguous binocular rivalry stimulus is shown, a subject lying in an MR scanner registers two images, which compete for perceptual dominance. During rivalry, the brain arrives at a unique solution such that the subject only perceives one of the competing patterns (in this case, the red grating). Remarkably, using the methods presented in the highlighted studies, it is now possible to extract with a high degree of accuracy, the time course of perceptual alternation. The key is to monitor the waxing and waning of activity in spatially intermingled voxel patterns that have been previously identified as showing shared response biases.
Analysis computer

Ambiguous stimulus
Subject's brain in MR scanner Decoded percept Experimenter V1 voxel pattern
